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Abstract 
In this study, the effects of different methods of feeding turkeys on the neuropeptide nesfatin-1 and the 
hormone irisin were evaluated. A total of 90 turkeys were distributed to three treatment groups, namely T1: 
conventional system, T2: 50% feed and pasture, and T3: pasture. There were 30 birds in each group with 
three random replications. The birds were fed for 18 weeks. At the end of the study, blood was collected 
from 10 birds of each group. Plasma nesfatin-1 and irisin levels were measured with an enzyme-linked 
immunoassay. The nesfatin-1 levels of male turkeys in T1, T2, and T3 were 0.76 ± 0.1 ng/m, 0.41 ± 0.1 
ng/ml, and 1.24 ± 0.2 ng/ml, respectively. Nesfatin-1 levels in the female turkeys in T1, T2 and T3 were 0.53 
± 0.07 ng/ml, 1.18 ± 0.3 ng/ml, 1.32 ± 0.1 ng/ml, respectively. The irisin levels in the male turkeys in T1, T2, 
and T3 were 575.93 ± 42.5 pg/ml, 188.39 ± 1.8 pg/ml, and 607.54 ± 24.1 pg/ml, respectively. Irisin levels of 
the female turkeys in T1, T2 and T3 were 603.20 ± 42.2 pg/ml, 241.42 ± 18.4 pg/ml, and 399.29 ± 21.5 
pg/ml, respectively. Because nesfatin-1 is involved in regulating food intake, food intake by turkeys might 
differ, depending on the management system. Different management systems might also alter irisin 
secreation because it can be induced by exercise. 
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Living organisms must consume enough energy to survive. Suppression of feed intake and the energy 
it supplies are important factors that can affect the nutrition, reproduction, growth, and other metabolic 
functions of living things negatively (Cameron et al., 1993; Steiner et al., 2003). Because Turkey imports 
feed resources and pays in foreign exchange, efforts to find feed resources that are cheap and are not used 
directly in human nutrition have gained momentum (Blake, 1993). Feed expenses constitute approximate 
30% of the total cost of production for turkeys (McDougal, 2020). Thus, it is necessary to know how and how 
much to feed turkeys. 
The hypothalamus is the main centre in which bodyweight-energy balance control is regulated 
(Spiegelman & Flier, 2001; Juge-Aubry et al., 2003). The lateral hypothalamus controls hunger, whereas the 
ventromedial hypothalamus controls satiation. These two areas work in collaboration and with other regions 
of the brain to maintain energy balance (Richard & Baraboi, 2004). The hypothalamus controls energy 
balance by evaluating the stimulating or suppressive signals received from the body systems (Havel, 2004; 
King, 2005). The neuropeptide nesfatin-1 is secreted from the hypothalamus and by the nervous system and 
peripheral tissues (Unniappan & Peter, 2005; Volkoff et al., 2005), and is responsible for the regulation of 
appetite (Oh-I et al., 2006; Shimizu et al., 2009; Gonzalez et al., 2010; Stengel et al., 2012) and body 
temperature (Könczöl et al., 2012). The nucleobindin 2 gene (NUCB2) codes for a hormone that consists of 
396 amino acids and has a high amino acid sequence homology in rats, mice, and human beings (Garcia-
Galiano et al., 2010). Of the 396 amino acids of NUCB2, the first 82 amino acids constitute nesfatin-1, amino 
acids 85-163 constitute nesfatin-2, and amino acids 166-396 constitute nesfatin-3 (Oh-I et al., 2006).  
Irisin is a hormone composed of 111 amino acids with secretion induced by exercise (Boström et al., 
2012). Irisin is an adipomyocine that reportedly stimulates thermogenesis by transforming white adipose 
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tissue to brown in mammals. It is synthesized and released by many tissues with its main sources being 
skeletal muscle and adipose tissue (Aydin, 2014; Arhire et al., 2019).  
There is limited information pertaining to irisin in non-mammalian invertebrates, including birds. For the 
first time, Li et al. (2015) identified irisin in chickens and indicated that it had a high degree of sequence 
homology with the human (97%), mouse (97%), and zebra fish (80%) hormones. Li et al. (2015) 
demonstrated that avian irisin was abundantly expressed in muscle, heart, pituitary gland, ovary, and brain, 
and in small amounts in adipose tissue, kidney, lung, testis, and the small intestine.  
Nesfatin-1 and irisin are potentially effective in regulating hunger, nutrient intake, energy metabolism, 
bodyweight, and glucose balance. Although the effects of nesfatin-1 on humans and rats have been studied 
in more detail, there are few studies on poultry (e.g. Cisse, 2012; Shousha et al., 2015; Banerjee & 
Chaturvedi, 2015) and even less is known about the effects of irisin in birds. Previously, it was shown that 
turkeys fed in confinement, those that were pastured, and those in hybrid systems differed in their patterns of 
growth (Inci et al., 2020). Therefore, these systems were evaluated for effects on circulating levels of 
nesfatin-1 and irisin.  
 
Material and Methods 
This research was carried out in the poultry unit of the Department of Zootechnics, Faculty of 
Agriculture, Bingöl University. Bingöl University Experimental Ethics Committee approved the project (No 
2014/09-09/03).  
Day-old turkey chicks (n = 90) were distributed to three treatment groups, namely T1: conventional 
system, T2: 50% feed and pasture, and T3: pasture. The 30 birds that were allocated to each treatment were 
randomly divided into three replications of 10 birds each. The concentrate feeds that was used in T1 and T2 
(Table 1) was formulated to meet the approximate needs of turkeys according to NRC (1993) norms. During 
the first eight weeks of their lives all poults were fed a starter diet inside. Two 60-watt bulbs were used to 
light the experiment room. Heat was provided by the thermostatically controlled electric stoves. The room 
was divided into three equal compartments that were bedded to a depth of 8 cm with wood shavings and 
straw. Plastic feeders with wire grills were placed in the compartments, and hygienic measures were used to 
ensure the health of the animals. When the poults were eight weeks old, the treatments were imposed. T1 
continued to be fed concentrated feed indoors. T2 had access to pasture for eight hours a day and received 
50% of concentrate feed that the T1 group consumed. T3 grazed on pasture and were not given 
supplemental feed. The pasture comprised alfalfa, grass, sainfoin, vetch, wheat and barley. It was sampled 
while it was grazed with the samples being used for nutrient analysis. The forage was 87% dry matter and 
contained 14.85% crude protein, 2.4% crude fat, 31.5% crude fibre, and 9.6% crude ash. The calculated 
energy content of the forage was 1900 kcal / kg DM. The trial ended when the birds were 18 weeks old.  
 
   
Table 1 Protein and energy values of concentrate feeds prepared for turkey poults according to their age 
 
Stage of growth Age, weeks Protein, % Energy kcal /kg dry matter 
    
Starter 0 - 8 26 - 28 2800 - 2900 
Grower 9 - 14 20 - 23 2900 - 3000 
Finishing 15 - 17 16 - 19 3000 - 3200 
    
 
 
At slaughter, blood was aspirated into an evacuated tube containing an anticoagulant. It was then 
centrifuged for 10 minutes at 3000 rpm to obtain the plasma. The plasma was transferred to 2-ml Eppendorf 
tubes and kept frozen at -80 °C until it was analysed (Price et al., 2007; Stengel et al., 2009). Nesfatin-1 
plasma levels in turkeys were measured with a commercial kit (LSBio Inc., Seattle, Washington, USA, 
catalogue number LSF10671), with a measurement interval of 0.78 ng/mL to 50 ng/mL. The intra- and inter-
assay coefficients of variation and sensitivity for nesfatin-1 were lower than 5.3% and 7.1%, respectively. 
The ELISA assays of nesfatin-1 had a sensitivity of < 0.78 ng/mL. Irisin plasma levels were measured with a 
commercial kit (LSBio Inc., Seattle, Washington, USA; catalogue no LS-F13185), with a measurement 
interval of 78 pg/mL to 5000 pg/mL. The intra- and inter-assay coefficients of variation and sensitivity for 
Irisin were lower than 5.1% and 8.1%, respectively. The ELISA assays of Irisin had a sensitivity of <78 
pg/mL. 
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The Kolmogorov-Smirnov Z test was applied to the data to test for normality. An analysis of variance 
was used to assess the significance of treatment and gender effects. The critical value for significance was 
set at P =0.05. Results were presented as mean ± SE. 
 
Results and Discussion 
The effects of the feeding methods on nesfatin-1 levels were significant, but the pattern of the effects 
differed by gender (Figure 1). Average effects of gender on nesfatin-1 were not detectably different. For the 
male turkeys, nesfatin-1 levels differed (P <0.05), with the highest levels in T3 (1.24 ± 0.2 ng/ml) and lowest 
levels in T2 (0.41 ± 0.1 ng/ml) with T1 being intermediate (0.76 ± 0.1 ng/ml). The difference between T2 and 
T3 was significant, whereas T1 was not significantly different from the other treatments. In contrast, the 
nesfatin-1 levels of female turkeys in T2, T3, and T1 were 1.18 ± 0.3 ng/ml, 1.32 ± 0.1 ng/ml, and 0.53 ± 0.07 
ng/ml, respectively. The nesfatin-1 level of female turkeys that had been subjected to T3 was significantly 




Figure 1 Nesfatin-1 levels of male and female turkeys allotted to a conventional indoor system (T1), fed 50% 
of the same concentrate feed as T1 with access to pasture (T2), and those reared only on pasture (T3) 
 
 
Effects of feeding methods on irisin levels were significant and, as with nesfatin-1, the pattern of 
effects differed by gender (Figure 2). For the male turkeys, the highest levels of irisin were found in T3 
(607.54 ± 24.1 pg/ml) and significantly lower levels T2 (188.39 ± 1.8 pg/ml) with T1 again being intermediate 
(575.93 ± 42.5 pg/ml), but not different from T3. In contrast, the irisin levels of female turkeys were highest in 
T1 (603.20 ± 42.2) and lower in T2 (241.42 ± 18.4) and T3 (399.29 ± 21.5 pg/ml). Thus, the irisin levels were 
depressed for poults in T2 as opposed to those in T1 and T3. The irisin levels found in male turkeys were on 
average only slightly higher than those found in females. 
 




Figure 2 Irisin levels of male and female turkeys allotted to a conventional indoor system (T1), fed 50% of 
the concentrate feed of T1 with access to pasture (T2), and those reared only on pasture (T3)  
 
 
The hypothalamus plays an important role in the brain as the production site of food intake regulatory 
factors. More importantly, this area integrates the peripheral and central signalling factors to regulate food 
intake and long-term bodyweight (Çatlı et al., 2014). The nesfatin-1 neuropeptide is a signal that controls 
appetite in rodents, humans, and fish, resulting in reduced food intake, and can pass through the blood-brain 
barrier (Price et al., 2007). Likewise, nesfatin-1 has physiological connections at the central nervous system 
level when regulating nutrient uptake and energy homeostasis in pigs (Varricchio et al., 2014) and rats 
(Wernecke at al., 2014). Plasma nesfatin-1 levels have been shown to rise as the weight increases (Aydin, 
2013; Mirzaei et al., 2014). However, in the current study, the plasma nesfatin-1 levels of the turkeys fed with 
pasture were higher than those of T1. The turkeys that could access pasture also showed a marked 
reduction of growth rate at eight weeks, with only the T3 group showing full recovery to the level of T1 by the 
16th week (Inci et al., 2020). Haghshenas et al. (2014) reported that exercising would be likely to decrease 
nutrient intake, weight gain and fat deposition by increasing nesfatin-1 levels. In a study investigating the 
serum nesfatin-1 levels in patients with disease-related weight loss, it was found that nesfatin-1 levels were 
lower in the patients with weight loss compared with those with no weight loss, suggesting that weight loss 
may lower serum nesfatin-1 levels (Cetinkaya et al., 2013). Peripheral concentrations of nesfatin-1 have 
been found to be significantly negatively correlated with body fat ratio, body fat weight, and blood sugar 
(Tsuchiya et al., 2010). Significant relationships between fat percentage and circulating nesfatin-1 were 
observed in obese and morbidly obese subjects (Mirzaei et al., 2014). In obese subjects, with lower nesfatin-
1 concentrations, calorie, carbohydrate and protein intakes were even higher, also implying a relationship 
between nesfatin-1, food consumption and body composition. Further, there may be a feedback mechanism 
in which the composition of the diet affects the circulating level of nesfatin-1 (Mohan et al., 2014).  
Despite these physiological effects in a variety of species, nesfatin-1 expression and physiology have 
not been studied thoroughlt in birds. Banerjee and Chaturvedi (2015) reported the localization and 
expression of nesfatin-1 in the testes, ovaries and shell glands of Coturnix coturnix japonica. They 
emphasized its role in regulating reproduction, and stated that the relationship between appetite control and 
feed intake through energy balance was important. In the present study, circulating (plasma) nesfatin-1 
levels were determined in turkeys fed with various methods. In addition, it was found that plasma nesfatin-1 
levels were gender independent (Li et al., 2010). The difference in nesfatin-1 levels between male and 
female turkeys was found to be non-significant (P =0.10). 
 Irisin secretion by skeletal muscle cells is induced by exercise in mice and humans, and mildly 
increased irisin levels in the blood cause an increase in energy expenditure in mice without additional activity 
or food intake (Böstrom et al., 2012). This increase was from irisin, which caused browning of white adipose 
tissue and increased metabolism. In T3 irisin levels were high, presumably because of their increased level 
of physical activity in the more novel environment. However, the heaviest and presumably most sedentary 
turkeys in this study were in T1 (Inci et al., 2020), and this group had high levels of irisin levels in both males 
and females. Thus, another explanation could be that these birds had a greater amount of body fat because 
28% of the circulating irisin was secreted from adipose tissue (Roca-Rivada et al., 2013). This observation is 
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supported by Stengel et al. (2009), who found that circulating irisin levels in obese individuals were higher 
than those in individuals with normal weight. 
Previous studies have not found a relationship between gender and irisin levels in obese people 
(Lopez-Legarrea et al., 2014; Blüher et al., 2014). However, in this study the difference between male and 
female poults in irisin levels bordered on being significant (P =0.054). 
 
Conclusions 
The feeding methods imposed in this study affected the levels of nesfatin-1 and irisin, with some 
indication of an interaction between feeding method and gender. Curiously, the hybrid system in which 
pasture was supplemented with concentrate feed did not consistently produce results that were intermediate 
between the two extreme feeding methods. However, detailed studies are needed to understand the 
mechanisms of action of nesfatin-1 and irisin in poultry and whether they can affect animal health and the 
balance between feed consumption and fattening performance.  
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